H 



Searching for Higgs Decaying to 

WW* -> n + T had and H -» WW* -> ee at L>0 



Bjorn Penning 
Institute of Physics, Hermann-Herder- Str. 3, 
D-79104 Freiburg, Germany 




A search for the Higgs boson in H —* WW* ee and -ff — > VKVK — > ivrhad decays in 
pp collisions at a center-of-mass energy of ^fs = 1.96 TeV is presented. The data have 
been collected by the Run II D0 detector. In order to maximize the sensitivity multivariate 
techniques such as artificial neural networks (NN), matrix element methods and likelihoods 
are used. No excess above the Standard Model background is observed and limits on the 
production cross section times branching ratio a x BR(H — » WW* — > ee) for Higgs masses 
between 115 and 200 GeV are set. 



1 Introduction 

Two searches for the Higgs boson decaying to the WW* final state are presented. The dileptonic 
decay mode with two electrons in the final state and H — > WW —>■// + t^^ 0119 leading to final 
states with one muon, a jet originating from a hadronically decaying tau and missing transverse 
momentum have been studied. The [i + Thad analysis has been performed using an integrated 
luminosity of about ~ 1 fb _1 of Runll data recorded between 2001 and 2006, known as Runlla. 
The ee analysis is performed using data from June 2006 until August 2007, known as Runllb, 
corresponding to an integrated luminiosity of 1.2 fb _1 . These decay modes in combination with 
other dileptonic decay modes provide the best sensitivi ty to a Standard Model (SM) Higgs boson 
search at the Tevatron at a mass of dih ~ 160 GeV/c 2 ^^. In order to maximize the signal to 
background separation multivariate techniques are used. If combined with searches exploiting 
the WH and ZH associated production, these decay modes increase the sensitivity for the Higgs 
boson searches. 



2 Event Selection 



The signal is characterized by two leptons, missing transverse momentum (pr) and little jet 
activity. For the fj, + Thad selection one isolated muon with pj, > 12 GeV and one isolated tau 
with pTp > 10 GeV are required. A hadronically decaying tau lepton is characterized by a narrow 
isolated jet with low track multiplicity. Three tau types are distinguished: 

• r -tyP e I: A single track with a calorimeter cluster without any electromagnetic subclusters 
(1-prong, 7r-like). 

• r-type II: A single track with a calorimeter cluster and electromagnetic subclusters (1- 
prong, p-like). 

• r-type III: Two or three tracks with an invariant mass below 1.1 or 1.7 GeV, respectively 
(3-prong). 

Due to the large background contamination r-type III is neglected in the analysis. 
For the dielectron analysis the leading electron is required to have p 1 ^ > 20 GeV and the trailing 
electron to fulfill p^? > 15 GeV. Subsequently most of the QCD background is removed by 
selection requirements on the missing transverse energy Ep and the scaled missing transverse 

energy E^ caled , defined as E^ caled = — , Bt , which is the Ep divided by the Ep resolution. 

y^^nEr 

This quantity is particularly sensitive to events where the missing energy could be a result 
of mismeasurements of jet energies in the transverse plane. A requirement on the minimal 
transverse mass, M™ n = \J2 ■ Ep- p l T ■ (1 — cos(A^)), between one of the leptons and Ep reduces 
further the various background processes. Most of the Z/7* — > tl events are rejected by requiring 
the sum of the momentum of p 1 ^ + pTp + Ep to be within given lower and upper boundaries and 
by requiring the invariant mass to be less than the Z peak. The tt contribution is reduced by 
requiring low values Ht which is defined as the scalar sum of the transverse momenta of all 
jets in the event. A large fraction of remaining back-to-back Z/7* — ► 11 is reduced by rejecting 
events with a wide opening angle between the leptons. Since the signal kinematics change as a 
function of the Higgs mass the selection is applied in a mass dependent way. 

3 W + jet/ j and Multijet background estimation 

The background contribution from QCD multijet production where jets are misidentified as 
leptons is estimated from the data by using like-sign lepton events of each analysis which were 
selected by inverting calorimeter isolation criteria^. The samples are normalized to data as 
function of the lepton p l T (i = 1, 2) in a region of phase space which is dominated by multijet 
production. In the fj, + Thad analysis the shape of the W + jet/y background is taken from MC, 
the normalization however is estimated using data. 

4 Multivariate Techniques 

At the final stage of the selection as described in Section [2] the remaining background is domi- 
nated by electroweak W + jets/ '7 and diboson production. To improve the background reduc- 
tion further multivariate techniques have been used, in the /ir^-analysis a likelihood approach 
and for the ee final state artificial neural networks. For the likelihood approach two different 
likelihoods sensitive to different event properties are used. One likelihood is based on input 
distributions associated with the selected tau and the second one on kinematical properties of 
the particular event. All likelihoods are constructed according to formula ([I]). A non- negligible 



fraction of the tau-candidates are electrons misreconstructed as taus which is taken into account 
by further constructing both classes of likelihoods for that particular events. 

£ _ T y Sig(xi,X 2 , ■ ■ ■) _ Hi Vhig _ Ili 'PsigfPhkgd 

" v Sl9 (x 1 ,x 2 , ...)+ v B kg d (xi,x 2 , . . . ~ n* n ig + n* vhkgd ~ n* n ig iv^ hgd + 1 ' 

Where Vg ig represents the signal and V l Bkgd the background value for a given bin i. The 
value of the input distributions for bin i are given by the variables X{. V l Sig = Vsig( x i) and 
V x Sig = Vsi g (xi) represents the probability density functions for the topological variables. These 
likelihoods are constructed for each Higgs boson mass point and both tau-types. The resulting 
likelihood distribution for mn = 160 GeV and tau-type I is displayed in Fig. [TJ Using both 
likelihood classes a further selection requirement is applied. These selections have been opti- 
mized for each sample, tau type and Higgs mass. For the dielectron analysis the separation of 
signal from background is done using an artificial neural network. A separate NN is trained 
for each Higgs boson mass tested. A list of input variables has been derived based on the sep- 
aration power of the various distributions. Those variables can be divided into three classes, 
object kinematics, event kinematics and angular variables. An additional input variable is a 
discriminant constructed using the matrix element (ME) method. Leading-order parton states 
for either signal or WW background are integrated over, with each state weighted according to 
its probability to produce the observed measurement. 
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Figure 1: Distribution of (a) the kinematical likelihood distribution after all selection requirements (b) the neu- 
ral network ouput after all selection requirements for data (points with error bars), background simulation (his- 
tograms, complemented with the QCD expectation) and signal expectation for tuh = 160 GeV (empty histogram) . 
The various signal contributions H — » WW —* ee and H — > WW — > fir^ad are given by the solid red line. 



5 Results and Conclusion 

Limits on the cross section for Higgs boson production times the branching fraction into the 
discussed final states are derived at the 95% Confidence Level (CL). Whereas the number of 
expect signal events, expected background events and observed data is used in the \i + 
analysis, for the dielectron analysis the shape of the NN output distributions are taken into 
account as well. 

There are various sources of systematic uncertainties included in the calculation of the ex- 
pected and observed limits: Lepton identification and reconstruction efficiencies (0.3-13%), 
trigger efficiencies (5%), jet energy scale calibration in signal and background events(< 2%), 



track momentum calibration (4%), detector modeling (1% for signal, 5-10% for background), 
PDF uncertainties (4%), modeling of multijet background (30%) and theoretical cross section 
(di-boson 7%, ti 16%). The uncertainty on the modeling of the electroweak W + jet/j pro- 
duction has been estimated to be 2.5-17.5%. The systematic uncertainty on the luminosity is 
mainly a combination of the PDF uncertainty, uncertainty on the NNLO Z cross section (4%) 
and data/MC normalization. 

The total uncertainty on the background is approximately 20% and for the signal efficiency is 
10%. The effects of these uncertainties on the NN output distribution shapes were also studied 
and included as additional systematic uncertainties. The expected and observed limits as func- 
tion of the Higgs mass are shown in Fig. [2j After all selection requirements both the neural 
network output distribution and the likelihood distributions agree with data within their un- 
certainties with the expected backgrounds. Thus limits are set on the production cross section 
times branching ratio a x BR(H — > WW*). We calculate the limits for each channel using a 
modified frequentist approach CLs method with a log-likelihood ratio (LLR) test statistic. To 
minimize the degrading effects of systematics on the search sensitivity, the individual background 
contributions are fitted to the data observation by maximizing a profile likelihood function for 
each hypothesis^. 
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Figure 2: (a) Expected and observed limit for the \i + Thad analysis (b) Expected and observed limit for the 

dielectron analysis 

A search has been performed for the H — ► WW — ► U decay signature from the gluon-gluon 
fusion production of the Standard Model Higgs boson in leptonic channels with either muons 
and taus or two electrons, using data corresponding to an integrated luminosity altogether of ~ 
2.2 fb . No evidence for the Higgs particle is observed and no region of the SM Higgs can be 
excluded. 
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